Introduction {#Sec1}
============

Fruits contain polysaccharides, sugars, vitamins, minerals and organic acids which provide their wonderful taste and excellent health properties. Fruits also contain high amounts of chemically active compounds, in particular phenolic compounds (Hui et al. [@CR20]). The presence of antioxidants and other biologically active ingredients in fruits makes them effective in treatment of numerous diseases (Habauzit and Horcajada [@CR14]; Kay et al. [@CR25]; Lecerf [@CR29]; Park et al. [@CR36]; Tucker [@CR45]).

At present, there is a vast diversity of edible fruits. Until recently, the availability of a fruit during the year depended on its growing season, but today, reliable transportation brings fruit of every type to our markets year-round.

Poland is the second largest producer of currants and raspberries, in the world, third in production of gooseberriess and blueberries (FAOSTAT [@CR6]). However, in Poland, the consumption of fresh fruits and vegetables is decreasing. On the average in 2007--2009, the consumption of fruits in households was lower by 9 % than the average consumption in 2001--2003 and amounted to 41.7 kg person^−1^ year^−1^ (Nosecka [@CR34]).

In recent years, a significant increase in the number of private, local and national food quality systems with regard to agricultural products and foodstuffs can be observed. One of the most important features of such systems is the certification process which guarantees transparency of the production process and confirmation of the characteristic features of a product (The Ministry of Agriculture and Rural Development of Poland [@CR44]).

In the European Union (EU), fresh fruits and vegetables have been covered by the rules of the common organisation of agricultural markets. The requirements concerning the commercial quality of fresh fruits as well as detailed rules concerning the control of these products have been specified in the Commission Regulation (EC) No. 1580/2007 of 21 December 2007 (European Union [@CR5]). Therefore, the EU Member States are obliged to carry out checks of fresh fruit at each stage of marketing. What is more, consumers expect their food to be safe and they expect access to the relevant facts to make informed choices.

Mineral components are required by every process in the human body; however, as the body cannot synthesise them, the human diet must supply regular amounts for absorption (Grembecka and Szefer [@CR12]; Nabrzyski [@CR33]). Unlike the macronutrients, bioelements by themselves do not contain energy. Nevertheless, metals such as copper (Cu), zinc (Zn) or iron (Fe) are essential for important biochemical and physiological functions and necessary for maintaining good health throughout life (Nabrzyski [@CR33]). They combine with certain proteins to produce enzymes that act as catalysts to help a number of body functions (Grembecka and Szefer [@CR12]). Throughout the body, mineral components (calcium (Ca), phosphorus (P) and magnesium (Mg)) form critical structural elements, control the action of nerves and muscles, help maintain the body\'s water balance (Na and K) and buffer the pH of the cell and extracellular fluids (Grembecka and Szefer [@CR12]; Nabrzyski [@CR33]). They are also essential for the metabolism of fats, carbohydrates and the synthesis of proteins (chromium (Cr) and cobalt (Co)). Moreover, Co constitutes an integral part of vitamin B~12~ while manganese (Mn) is a cofactor of such classes of enzymes as oxidoreductases, transferases, hydrolases, lyases, isomerases, ligases, lectins and integrins. Whereas Cr(III) is required in trace amounts for sugar metabolism in humans, nickel (Ni) plays numerous roles in hormonal activity, lipid metabolism, activation of some enzymes and stabilisation of DNA and RNA (Grembecka and Szefer [@CR12]; Nabrzyski [@CR33]). However, chronic exposure to Cr(VI) compounds can cause permanent eye injury or allergic contact dermatitis. According to IARC classification (IARC Monographs [@CR22]), Cr(VI) and Ni are established human carcinogens while an excessively high intake of Co may damage the heart muscles and may cause an over-production of red blood cells or damage to the thyroid gland (Grembecka and Szefer [@CR12]). Heavy metals are among major contaminants of food supply and may be considered as an important problem as among consumers there is a growing demand for safer, healthier and higher quality food. As food products cannot be entirely free from toxic elements, the sanitary inspectorates should do anything to prevent contaminated products from being available for consumers. However, it is difficult to obtain complete data concerning metal concentration in marketed fruits. There are few papers which refer only to some types of fruits, i.e. sour cherry and table grapes (Mitić et al. [@CR31]); mangoes (Hernández-Sánchez et al. [@CR19]); papayas (Hardisson et al. [@CR16]); avocado (Hardisson et al. [@CR17]); strawberries, grapes and cherries (Bagdatlioglu et al. [@CR3]); apples, melons, oranges and bananas (Radwan and Salama [@CR39]); bananas (Hardisson et al. [@CR18]); apples and dates (Husain et al. [@CR21]); or apples and plums (Hamurcu et al. [@CR15]).

Multivariate techniques have proven to be an effective statistical tool in analytical quality evaluation of food (Szefer [@CR42]) and environmental samples (Abollino et al. [@CR1]; Giacomino et al. [@CR11]; Lane [@CR28]; Webster [@CR47], [@CR48]; Webster and Payne [@CR49]). They allow on deeper exploration into possible patterns in the data set. That is why their correct application and interpretation makes them an efficient tool of classification of different products based on their mineral composition (Abollino et al. [@CR1]; Giacomino et al. [@CR11]). These statistical techniques are able to differentiate products both of plant and animal origin according to their type and botanical provenance as well as the level of technological processing in view of mineral composition of food products. Application of multivariate techniques for the estimate of foods quality is widely used and thoroughly presented by Arvanitoyannis and van Houwelingen-Koukaliaroglou ([@CR2]), Grembecka and Szefer ([@CR12]), Moreda-Pineiro et al. ([@CR32]), Pillonel et al. ([@CR37]), Plessi et al. ([@CR38]) and Szefer ([@CR41], [@CR42]). Although there are much data concerning statistical evaluation of plant products quality, only Plessi et al. ([@CR38]) used chemometrical methods to differentiate fruits and their products, i.e. berries and related jams whereas Hernández-Sánchez et al. ([@CR19]) applied support vector machines to diversification of conventional and organically cultivated mangoes.

Therefore, the aim of the present investigation was to estimate and compare essential and heavy metals contents in 98 commercially available fresh fruits from different geographic regions using multivariate techniques. Based on 12 elements concentrations, it was possible to differentiate quantitatively mineral composition of fruits samples and classify them in view of their species and type.

Materials and methods {#Sec2}
=====================

Samples {#Sec3}
-------

The fresh fruits samples to be analysed were purchased from the local market in Gdańsk (Poland), but they were of Polish, European, Asian, African and American origin (see for details Table [1](#Tab1){ref-type="table"}). All fruits were purchased from shops in Gdańsk and immediately prepared from July 2006 to December 2006. Each sample (about 1.5 kg) was collected two times within the same period of harvest. They were purchased randomly in shops scattered within the city of Gdansk and in Pomeranian Voivodeship. In total, 98 products (294 analytical samples) were analysed in triplicate for macro- and microelements. A detailed characteristic of the analysed samples is presented in Table [1](#Tab1){ref-type="table"}. Fruits are so diverse that it is difficult to devise a classification scheme that includes all known fruits. In order to arrange samples, two types of classification were applied. The first one is based on the botanical type of fruit and the second on fruits botanical family. Accessory fruits, in which some of the flesh is derived not from the ovary but from some adjacent tissue, include pineapple, raspberries and strawberries. Pomes are special kinds of accessory fruits with fleshy pulps more or less like drupes, except that they typically contain more than one seed. The best known pomes are apples and pears---in our classification, they were called pip fruits. Berry fruits are those fleshy ones produced from a single ovary. The seeds are usually embedded in the flesh of the ovary. This group of fruits consists of gooseberries, blackberries and cranberries, but banana, avocado, kiwi and papaya also belong to them. Stone fruits refer to drupe in which an outer fleshy part surrounds a shell with a seed inside. Mango, cherries and plums belong to this group (Jiang and Song [@CR24]).Table 1Characteristics of the analysed productsProductType of fruitOriginBotanical familyScientific nameApple AntonovkaPip fruitsPolandRosaceae*Malus domestica* Borkh. 'Antonovka'Apple CortlandPip fruitsPolandRosaceae*M. domestica* Borkh. 'Cortland'Apple Granny SmithPip fruitsHollandRosaceae*Malus* 'Granny Smith'Apple IdaredPip fruitsPolandRosaceae*M. domestica* Borkh. 'Idared'Apple JonagoldPip fruitsPolandRosaceae*M. domestica* 'Jonagold'Apple LoboPip fruitsPolandRosaceae*M. domestica* Borkh. 'Lobo'AvocadoBerry fruitsDominican RepublicLauraceae*Persea americana*AvocadoBerry fruitsIsraelLauraceae*P. americana*AvocadoBerry fruitsSpainLauraceae*P. americana*BananaBerry fruitsCosta RicaMusaceae*Musa* L.BananaBerry fruitsEcuadorMusaceae*Musa* L.BlueberryBerry fruitsPolandEricaceae*Vaccinium myrtillus*BlackcurrantBerry fruitsPolandGrossulariaceae*Ribes nigrum*Cherry (gean; black)Stone fruitsPolandRosaceae*Prunus avium*CherryStone fruitsPolandRosaceae*Prunus cerasus*Cherry (gean)Stone fruitsPolandRosaceae*P. avium*CranberryBerry fruitsPolandEricaceae*Vaccinium oxycoccos*GooseberryBerry fruitsPolandGrossulariaceae*Ribes uva-crispa*Grapefruit (red)Berry fruitsSpainRutaceae*Citrus paradisi* Macfad.Grapefruit (white)Berry fruitsTurkeyRutaceae*C. paradisi* Macfad.GrapefruitBerry fruitsIsraelRutaceae*C. paradisi* Macfad.Grapes (black)Berry fruitsItalyVitaceae*Vitis vinifera*Grapes (black)Berry fruitsPolandVitaceae*V. vinifera*Grapes (black)Berry fruitsSpainVitaceae*V. vinifera*Grapes (crimson)Berry fruitsItalyVitaceae*V. vinifera*Grapes (pink)Berry fruitsItalyVitaceae*V. vinifera*Grapes (white)Berry fruitsItalyVitaceae*V. vinifera*Grapes (white)Berry fruitsSpainVitaceae*V. vinifera*KiwiBerry fruitsItalyActinidiaceae*Actinidia deliciosa*LemonBerry fruitsSpainRutaceae*Citrus limon*LimeBerry fruitsBrazilRutaceae*Citrus aurantifolia*LycheeStone fruitsRSASapindaceae*Litchi chinensis* Sonn.Mandarine ClementineBerry fruitsSpainRutaceae*Citrus reticulata*MangoStone fruitsBrazilAnacardiaceae*Mangifera indica*MangoStone fruitsEcuadorAnacardiaceae*M. indica*Melon GaliaBerry fruitsBrazilCucurbitaceae*Cucumis melo* var. reticulatusMelon honeydewBerry fruitsBrazilCucurbitaceae*C. melo*MelonBerry fruitsBrazilCucurbitaceae*C. melo*Orange (Navel)Berry fruitsGreeceRutaceae*Citrus sinensis*Orange (Navel)Berry fruitsSpainRutaceae*C. sinensis*OrangeBerry fruitsSpainRutaceae*C. sinensis*PapayaBerry fruitsBrazilCaricaceae*Carica papaya*PapayaBerry fruitsRepublic of Ivory CoastCaricaceae*C. papaya*PearPip fruitsPolandRosaceae*Pyrus communis*PearPip fruitsItalyRosaceae*P. communis*PineappleAccessory fruitsCosta RicaBromeliaceaeAnanas comosusPineappleAccessory fruitsHondurasBromeliaceaeA. comosusPlumStone fruitsPolandRosaceae*Prunus domestica*RaspberryAccessory fruitsPolandRosaceae*Rubus idaeus*RedcurrantBerry fruitsPolandGrossulariaceae*Ribes rubrum*Strawberry---'Kashubian strawberry'Accessory fruitsPolandRosaceae*Fragaria* × *ananassa* Duchesne

Sample digestion {#Sec4}
----------------

The purchased fruits were firstly washed in deionised water, peeled (in case of some fruits) and dried. Then they were homogenised and dried in 60 °C until a constant mass, so content of water could be calculated. Subsequently, dry samples were again homogenised and stored until analysis in desiccators in lockable polyethylene bags. About 10.0 (±0.0001) g of product portions were weighed and transferred to quartz crucibles. Samples were ashed in an electric furnace at 540 °C with gradual increase in temperature. Next, 1.5 mL of 36.5 % HCl (Tracepur® Merck) and 0.05 mL of 65 % HNO~3~ (Suprapur® Merck) were added to quartz crucible with digested sample. Subsequently, it was placed on a water bath until evaporation of acids. Then, 1.5 mL of 36.5 % HCl (Tracepur® Merck) was added to the residue, and crucible covered with a watch glass was heated 1 min on the water bath. Every digested sample was dissolved up to 25 mL with ultra-pure water (18.2 MΩ cm^−1^) from a Milli-Q system (Millipore, MA) (Grembecka et al. [@CR13]).

Elements analyses {#Sec5}
-----------------

The concentrations of elements (Mg, Ca, potassium (K), sodium (Na), Zn, Cu, Fe, Cr, Co, Ni and Mn) were determined in an air-acetylene flame atomic absorption spectrometer using deuterium-background correction. A Philips PU-9100× (Philips, Great Britain) model atomic absorption spectrometer was used for metal analyses. In all cases, stoichiometric flame air/acetylene was used with the fuel flow of 1.0 L/min (Grembecka et al. [@CR13]). In the case of Na and K determinations, cesium chloride (Merck, Darmstadt, Germany) was added to samples and standards, as an ionisation buffer at a concentration of 0.2 % (*w*/*v*) and in the case of Ca and Mg measurements, Lanthanum(III) oxide (Merck, Darmstadt, Germany) was used as a releasing agent at a concentration of 0.4 % (*w*/*v*). P was determined in the form of phosphomolybdate by spectrophotometric method (Official Methods of Analysis of AOAC International [@CR35]) using Spekol 11 (Carl Zeiss, Jena, Germany).

Accuracy and precision of the analytical method used for quantification {#Sec6}
-----------------------------------------------------------------------

The accuracy and precision of the method used for determination of the elements were confirmed by analysis of certified standard reference materials including tea (NCS DC 73351), cabbage (International Atomic Energy Agency (IAEA)-359) and spinach (IAEA-331). NCS DC 73351 was purchased from the China National Analysis Centre for Iron and Steel, Beijing (China). CRM like cabbage (IAEA-359) and spinach (IAEA-331) were purchased from the IAEA, Vienna, Austria. Digestion of these materials was performed with the same decomposition procedure used for fresh fruits samples. Recoveries of the elements analysed varied between 85.5 and 103 % and precisions for the reference materials were 0.13--6.08 %. All the results for the measurements of bioelements and toxic metals in reference materials are presented in Table [2](#Tab2){ref-type="table"}.Table 2Measurements of elements concentrations in reference materialsElementConcentration declared (μg/g)Concentration determined (μg/g)Recovery (%)SD (%)P^a^2,8402,900 ± 1661025.72P^b^5,1805,340 ± 83.01031.55K^a^16,600 ± 1,20015,300 ± 40092.22.61K^b^32,50027,785 ± 85085.53.06Na^a^44 ± 639.3 ± 0.0589.30.13Mg^a^1,700 ± 2001,660 ± 23.697.71.42Mg^b^2,1602,110 ± 35.697.71.69Ca^b,\ d^18,50018,450 ± 9699.70.52Zn^a^26.3 ± 2.025.5 ± 1.5596.86.08Zn^b^38.637.6 ± 0.6097.31.60Fe^a^264 ± 15248 ± 2.6893.91.08Fe^b^148137 ± 5.4992.64.00Cu^a^17.3 ± 1.816.2 ± 0.7693.64.69Cu^b^5.675.45 ± 0.0296.10.37Mn^a^1,240 ± 701,160 ± 37.093.53.19Mn^b^31.932.5 ± 0.661022.03Cr^a^0.80 ± 0.030.77 ± 0.0296.32.60Co^c^0.390.38 ± 0.0097.40.26Ni^a^4.6 ± 0.54.15 ± 0.0390.20.72Ni^b^1.050.96 ± 0.0191.41.04^a^Tea (NCS DC 73351)^b^Cabbage (IAEA-359)^c^Spinach (IAEA-331)^d^Informative value

Statistics {#Sec7}
----------

Correlation analysis, ANOVA Kruskal--Wallis test, factor analysis (FA) and cluster analysis (CA) of the data obtained were performed using STATISTICA 10.0 for Windows (Copyright^©^ StatSoft, Inc. 1984--2011, USA). Before the chemometric analysis, the selected variables were tested for normality. In all cases, they did not follow the normal distribution according to the Shapiro--Wilk and Kolmogorov--Smirnov tests (Brereton [@CR4]; Szefer [@CR42]). Therefore, non-parametric procedures were adapted in our analyses. Prior the chemometric processing, the data matrix was standardised. As we rejected null hypothesis of the Kruskal--Wallis test, we applied post hoc test, i.e. Dunn test, which enabled us to highlight where the difference is by using multiple, stepdown comparisons.

The goal of FA is to find factors that represent common variance of features and explain the experimental results. The total variance of the data is divided into three parts: common feature variance, specific feature variance and residuals or errors (Abollino et al. [@CR1]). FA was performed on raw data sets concerning fresh fruits samples. Each products' arithmetic mean value of three subsamples was taken into consideration, therefore, 81 fresh fruits accounted for the final data matrix. The data matrix was established using the elements as columns and fruits samples as rows. Elements such as Ni and especially Co had to be eliminated from the data set because of their too low levels (mainly below detection limit (LOD)), therefore, nine loadings (Ca, Mg, Na, K, P, Zn, Cu, Fe and Mn) constituted the ultimate data matrix. It is of particular importance to determine the number of factors in FA. There are several criteria for determining the number of factors, but in our study, we used Kaiser criterion and the Cattell scree test plot. According to the Kaiser rule is to drop all components with eigenvalues under 1 whereas Cattell's scree test plot says to drop all components after the one starting the elbow. Although three factors were defined but due to the fact that the variance explained by the third factor is very small, only two factors were taken into account when interpreting results. The cut-off loading value to determine which elements will be used at the clustering stage was set at the level \>0.70.

CA, similarly to FA, was also performed on standardised raw data sets concerning fruit products. CA can be used to identify groups of similar samples and anomalous specimen; alternatively, the variables can be treated as objects and their similarity or dissimilarity can be investigated (Giacomino et al. [@CR11]). The best results of CA analysis were obtained by applying the Ward method as a way of calculating cluster distances, as well as Euclidean distance as a measure of distance between analysed samples.

Results and discussion {#Sec8}
----------------------

Data of the elements analysed in fresh fruits samples are listed in the following tables: Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}, berry fruits; [5](#Tab5){ref-type="table"}, accessory fruits; [6](#Tab6){ref-type="table"}, pip fruits; and [7](#Tab7){ref-type="table"}, stone fruits. The metals concentrations in the samples are characterised by arithmetic mean value, the corresponding standard deviation (SD) and ranges for wet weight basis. As the original results were obtained for the dry mass they were recalculated based on the received data concerning water content which is also presented in Tables [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"}, [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}. In case of some authors (Hamurcu et al. [@CR15]; Plessi et al. [@CR38]), we had to recalculate literature data to fresh weight based on the water content given by the author to make a comparison between our and literature data. If the cited author did not give such information, we used the water percentage assessed in our research in the case of the same type of fruits.Table 3Concentration of the macroelements studied in fresh berry fruits in milligrammes per 100 g wet weight ($\documentclass[12pt]{minimal}
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                \begin{document}$$ \overline{x} $$\end{document}$ ± SD, range)ProductOriginType of fruitNumberWater content (%)CaMgPNaKAvocadoDominican RepublicBF383.411.6 ± 0.2518.8 ± 0.2155.2 ± 1.560.38 ± 0.02178 ± 13.711.4 -- 11.818.5 -- 18.953.4 -- 56.30.36 -- 0.39168 -- 194AvocadoIsraelBF379.58.64 ± 0.5716.2 ± 1.3535.2 ± 1.942.09 ± 0.16175 ± 8.498.24 -- 9.0415.0 -- 17.733.2--37.11.91 -- 2.24166 -- 182AvocadoSpainBF380.113.3 ± 0.9522.6 ± 0.8328.0 ± 0.671.15 ± 0.07130 ± 2.9212.2 -- 14.021.9 -- 23.527.3 -- 28.61.08 -- 1.23128 -- 132BananaCosta RicaBF677.03.16 ± 0.1621.8 ± 0.9829.8 ± 6.960.25 ± 0.23158 ± 12.82.85 -- 3.3820.6 -- 23.724.7 -- 35.30.07 -- 0.44147 -- 169BananaEcuadorBF375.94.19 ± 0.5522.7 ± 0.1730.1 ± 0.440.71 ± 0.25158 ± 2.863.80 -- 4.5822.5 -- 22.829.7 -- 30.60.53 -- 0.88155 -- 161BlueberryPolandBF984.616.4 ± 0.957.19 ± 1.1825.8 ± 6.300.42 ± 0.4260.3 ± 8.2115.4 -- 18.05.51 -- 8.4117.2 -- 31.20.12 -- 1.2450.5 -- 70.1BlackcurrantPolandBF682.629.8 ± 16.411.2 ± 2.1848.6 ± 12.70.33 ± 0.30135 ± 24.417.0 -- 42.58.63 -- 13.137.7 -- 60.30.10 -- 0.75116 -- 155CranberryPolandBF391.09.04 ± 0.164.93 ± 0.2012.9 ± 0.210.52 ± 0.0542.0 ± 0258.86 -- 9.164.71 -- 5.1212.8 -- 13.20.48 -- 0.5541.8 -- 42.3GooseberryPolandBF689.722.3 ± 1.636.93 ± 0.9742.3 ± 17.30.12 ± 0.0688.0 ± 3.0421.0 -- 23.86.11 -- 7.9428.9 -- 55.30.05--0.1675.5 -- 105Grapefruit (red)SpainBF390.917.1 ± 0.307.44 ± 0.0323.5 ± 0.490.33 ± 0.0166.4 ± 0.5517.2 -- 17.37.41 -- 7.4723.0 -- 24.00.32 -- 0.3565.9 -- 67.0Grapefruit (white)TurkeyBF390.125.1 ± 0.617.10 ± 0.2019.7 ± 0.530.43 ± 0.0369.9 ± 2.4324.6 -- 25.86.86 -- 7.2319.1 -- 20.00.40 -- 0.4567.2 -- 72.0GrapefruitIsraelBF390.116.0 ± 1.347.27 ± 0.4124.1 ± 0.720.96 ± 0.0979.7 ± 1.9314.4 -- 16.86.88 -- 7.7023.4 -- 24.90.87 -- 1.0478.2 -- 81.9Grapes (black)ItalyBF687.57.09 ± 0.284.28 ± 0.3517.6 ± 1.310.18 ± 0.0588.7 ± 7.526.77 -- 7.453.77 -- 4.6815.3 -- 18.90.11 -- 0.2478.9 -- 97.8Grapes (black)PolandBF383.710.5 ± 0.827.01 ± 0.5028.3 ± 1.980.09 ± 0.00145 ± 3.699.68 -- 11.36.64 -- 7.5826.3 -- 30.30.09 -- 0.09141 -- 147Grapes (black)SpainBF685.010.0 ± 0.635.29 ± 0.5025.1 ± 0.250.20 ± 0.08104 ± 9.149.56 -- 11.34.75 -- 6.1722.4 -- 27.20.10 -- 0.2694.2 -- 113Grapes (crimson)ItalyBF387.46.24 ± 0.264.71 ± 0.0926.2 ± 0.950.09 ± 0.01100 ± 0.475.95 -- 6.464.62 -- 4.7725.2 -- 27.00.08 -- 0.0999.7 -- 101Grapes (pink)ItalyBF389.86.59 ± 0.223.69 ± 0.2921.6 ± 0.160.29 ± 0.0587.8 ± 7.226.43 -- 6.753.38 -- 3.8921.5 -- 21.70.25--0.3380.4--94.8Grapes (white)ItalyBF986.69.59 ± 1.105.54 ± 0.0123.7 ± 1.230.21 ± 0.0195.1 ± 9.197.48 -- 13.24.98 -- 6.0021.3 -- 25.50.18 -- 0.2385.0 -- 105Grapes (white)SpainBF385.59.20 ± 0.475.89 ± 0.2220.2 ± 0.280.24 ± 0.04114 ± 1.708.68 -- 9.605.64 -- 6.0320.0 -- 20.50.21 -- 0.27112 -- 116Kiwi^a^ItalyBF387.919.8 ± 1.258.08 ± 0.5435.8 ± 2.030.32 ± 0.02126 ± 5.3418.4 -- 20.77.45 -- 8.4033.5 -- 37.50.29 -- 0.33121 -- 132Kiwi^a^ItalyBF386.128.2 ± 0.799.70 ± 0.5531.5 ± 0.590.05 ± 0.00125 ± 3.7827.3 -- 28.99.31 -- 10.330.9 -- 32.10.05 -- 0.06121 -- 128Kiwi^a^ItalyBF386.531.3 ± 1.0011.2 ± 0.1637.7 ± 2.560.03 ± 0.01121 ± 2.4530.2 -- 32.211.1 -- 11.436.0 -- 40.60.02 -- 0.03119 -- 123Lemon (peeled)^a^SpainBF389.324.8 ± 0.256.86 ± 0.0319.9 ± 0.430.97 ± 0.0382.6 ± 1.8124.6 -- 25.06.83 -- 6.9019.4 -- 20.20.94 -- 1.0080.5 -- 83.8Lemon (peeled)^a^SpainBF388.823.7 ± 0.346.12 ± 0.1815.1 ± 0.491.50 ± 0.0184.9 ± 5.6423.4 -- 24.16.01 -- 6.3314.7 -- 15.61.50 -- 1.5181.1 -- 91.4Lemon^a^SpainBF387.472.1 ± 0.728.71 ± 0.0117.1 ± 0.161.38 ± 0.0384.2 ± 4.4471.3 -- 72.68.71 -- 8.7216.9 -- 17.21.35 -- 1.4180.9 -- 89.3Lemon^a^SpainBF385.964.9 ± 1.409.94 ± 0.2814.5 ± 0.304.96 ± 0.14107 ± 1.7663.5 -- 66.39.65 -- 10.214.3 -- 14.94.87 -- 5.12105 -- 108Lemon^a^SpainBF389.818.4 ± 0.467.97 ± 0.1018.1 ± 0.350.73 ± 0.0575.6 ± 0.7818.5 -- 18.87.85 -- 8.0317.8 -- 18.50.69 -- 0.7674.8 -- 76.4Lime (peeled)BrazilBF387.424.4 ± 1.729.63 ± 0.2425.9 ± 0.230.26 ± 0.0192.6 ± 2.2422.5 -- 25.89.37 -- 9.8425.7 -- 26.20.26 -- 0.2790.6 -- 95.0LimeBrazilBF38452.2 ± 0.8514.6 ± 0.1428.3 ± 0.620.27 ± 0.00109 ± 7.4351.2 -- 52.714.5 -- 14.827.6 -- 28.70.27 -- 0.28103 -- 117Mandarine^a^SpainBF390.520.5 ± 0.176.24 ± 0.1916.0 ± 0.110.33 ± 0.0359.7 ± 1.4420.3 -- 20.66.13 -- 6.4515.9 -- 16.20.30 -- 0.3558.7 -- 61.3Mandarine Clementine^a^SpainBF388.321.8 ± 0.298.30 ± 0.7730.9 ± 1.610.32 ± 0.0173.3 ± 2.1421.5 -- 22.17.41 -- 8.8329.6 -- 32.70.31 -- 0.3271.1 -- 75.4Mandarine Clementine^a^SpainBF386.817.7 ± 0.516.53 ± 0.0925.0 ± 0.010.45 ± 0.0175.3 ± 0.6617.3 -- 18.26.46 -- 6.6325.2 -- 25.20.44 -- 0.4674.6 -- 75.9Mandarine Clementine^a^SpainBF386.723.8 ± 0.158.47 ± 0.0732.8 ± 0.900.31 ± 0.0188.6 ± 1.8323.7 -- 24.08.41 -- 8.5431.9 -- 33.70.30 -- 0.3287.3 -- 89.9Melon GaliaBrazilBF391.03.65 ± 0.264.75 ± 0.2710.1 ± 0.778.76 ± 0.3594.7 ± 7.353.37 -- 3.894.49 -- 5.039.62 -- 11.08.36 -- 9.0288.2 -- 103Melon honeydewBrazilBF392.14.19 ± 0.395.58 ± 0.2613.8 ± 0.5310.1 ± 0.11103 ± 2.493.92 -- 4.475.42 -- 5.8813.2 -- 14.310.0 -- 10.2100 -- 105MelonBrazilBF393.13.01 ± 0.16.59 ± 0.078.56 ± 0.16NA85.9 ± 4.382.94 -- 3.086.51 -- 6.648.42 -- 8.7481.8 -- 90.5Orange (Navel orange)GreeceBF388.730.5 ± 1.154.93 ± 0.0816.2 ± 0.250.14 ± 0.0163.4 ± 1.0529.4 -- 31.74.87 -- 5.0215.9 -- 16.40.13 -- 0.1562.6 -- 64.6Orange (Navel orange)SpainBF388.727.6 ± 0.918.35 ± 0.2029.1 ± 2.170.19 ± 0.0091.6 ± 1.9726.6 -- 28.38.14 -- 8.5427.1 -- 31.40.19 -- 0.2090.2 -- 93.9OrangeSpainBF387.027.6 ± 0.309.71 ± 0.1425.5 ± 0.440.42 ± 0.0194.3 ± 0.7927.3 -- 27.99.62 -- 9.8125.0 -- 25.80.41 -- 0.4393.5 -- 95.1PapayaBrazilBF390.214.9 ± 0.2412.7 ± 0.8413.9 ± 0.293.30 ± 0.18125 ± 11.114.6 -- 15.111.7 -- 13.313.6 -- 14.23.15 -- 3.50115 -- 137PapayaRepublic of Ivory CoastBF389.414.5 ± 0.2720.6 ± 0.3911.7 ± 0.193.37 ± 0.30105 ± 4.9114.3 -- 14.720.2 -- 21.011.5 -- 11.93.04 -- 6.46102 -- 109RedcurrantPolandBF688.226.8 ± 8.029.17 ± 2.3452.9 ± 3.560.21 ± 0.06110 ± 21.420.3 -- 32.57.32 -- 10.849.3 -- 57.30.16 -- 0.2592.3 -- 127*NA* not analysed, *BF* berry fruits^a^Different retailers/producers of productsTable 4Concentration of the microelements studied in fresh berry fruits in milligrammes per 100 g wet weight ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \overline{x} $$\end{document}$ ± SD, range)ProductOriginType of fruitNumberFeZnCuCrMnCoNiAvocadoDominican RepublicBF30.51 ± 0.010.37 ± 0.020.14 ± 0.010.002 ± 0.000.08 ± 0.00ND0.01 ± 0.000.50 -- 0.530.35 -- 0.390.13 -- 0.150.002 -- 0.0020.08 -- 0.080.01 -- 0.01AvocadoIsraelBF30.10 ± 0.000.25 ± 0.010.05 ± 0.010.003 ± 0.000.17 ± 0.01ND0.01 ± 0.000.09 -- 0.100.23 -- 0.260.05 -- 0.060.003 -- 0.0030.16 -- 0.190.01 -- 0.01AvocadoSpainBF30.27 ± 0.020.31 ± 0.020.03 ± 0.000.003 ± 0.000.20 ± 0.01ND0.01 ± 0.000.26 -- 0.280.29 -- 0.330.03 -- 0.030.003 -- 0.0040.19 -- 0.210.01 -- 0.01BananaCosta RicaBF60.38 ± 0.040.15 ± 0.010.07 ± 0.010.004 ± 0.0010.16 ± 0.06ND0.01 ± 0.0050.34 -- 0.440.14 -- 0.160.05 -- 0.070.003 -- 0.0050.10 -- 0.210.001 -- 0.01BananaEcuadorBF30.49 ± 0.060.18 ± 0.000.10 ± 0.000.004 ± 0.000.13 ± 0.00ND0.01 ± 0.000.45 -- 0.540.18 -- 0.180.10 -- 0.110.004 -- 0.0040.13 -- 0.130.004 -- 0.01BlueberryPolandBF90.91 ± 0.180.16 ± 0.030.07 ± 0.010.01 ± 0.0032.43 ± 0.95ND0.01 ± 0.0030.77 -- 1.150.12 -- 0.190.06 -- 0.080.004 -- 0.011.24 -- 3.050.004 -- 0.01BlackcurrantPolandBF61.24 ± 0.310.38 ± 0.080.04 ± 0.020.004 ± 0.0011.03 ± 0.71ND0.01 ± 0.0000.96 -- 1.500.30 -- 0.450.02 -- 0.050.003 -- 0.0040.49 -- 1.570.01 -- 0.01CranberryPolandBF31.34 ± 0.010.18 ± 0.000.05 ± 0.000.01 ± 0.001.69 ± 0.00ND0.01 ± 0.001.32 -- 1.350.18 -- 0.180.05 -- 0.050.01 -- 0.011.68 -- 1.690.01 -- 0.01GooseberryPolandBF60.81 ± 0.160.20 ± 0.130.03 ± 0.000.004 ± 0.0010.09 ± 0.01ND0.01 ± 0.0050.69 -- 0.930.09 -- 0.300.03 -- 0.040.003 -- 0.0040.08 -- 0.090.002 -- 0.01Grapefruit (red)SpainBF30.53 ± 0.020.10 ± 0.010.03 ± 0.000.002 ± 0.000.02 ± 0.00ND0.02 ± 0.000.51 -- 0.550.09 -- 0.100.03 -- 0.030.002 -- 0.0020.02 -- 0.020.01 -- 0.02Grapefruit (white)TurkeyBF30.47 ± 0.010.09 ± 0.000.03 ± 0.000.003 ± 0.000.02 ± 0.00ND0.01 ± 0.000.46 -- 0.480.09 -- 0.090.03 -- 0.030.002 -- 0.0030.02 -- 0.020.01 -- 0.01GrapefruitIsraelBF31.56 ± 0.030.09 ± 0.010.03 ± 0.000.003 ± 0.000.04 ± 0.00ND0.005 ± 0.001.54 -- 1.590.09 -- 0.100.03 -- 0.030.003 -- 0.0030.04 -- 0.040.004 -- 0.01Grapes (black)ItalyBF60.20 ± 0.040.05 ± 0.020.09 ± 0.030.001 ± 0.000.05 ± 0.03ND0.001 ± 0.000.16 -- 0.240.03 -- 0.070.06 -- 0.110.001 -- 0.0020.004 -- 0.070.0002 -- 0.001Grapes (black)PolandBF30.62 ± 0.030.07 ± 0.010.02 ± 0.000.005 ± 0.000.06 ± 0.00ND0.002 ± 0.000.60 -- 0.640.06 -- 0.070.02 -- 0.020.005 -- 0.010.06 -- 0.070.002 -- 0.002Grapes (black)SpainBF60.26 ± 0.050.07 ± 0.00.20 ± 0.060.002 ± 0.000.07 ± 0.04ND0.001 ± 0.000.20 -- 0.330.04 -- 0.040.13 -- 0.280.001 -- 0.0030.03 -- 0.110.001 -- 0.001Grapes (crimson)ItalyBF30.42 ± 0.010.06 ± 0.000.22 ± 0.010.002 ± 0.000.08 ± 0.00ND0.01 ± 0.000.40 -- 0.430.05 -- 0.060.21 -- 0.220.002 -- 0.0020.08 -- 0.080.01 -- 0.01Grapes (pink)ItalyBF30.30 ± 0.040.03 ± 0.010.09 ± 0.020.001 ± 0.000.07 ± 0.01ND0.002 ± 0.000.27 -- 0.320.03 -- 0.040.08 -- 0.100.001 -- 0.0010.06 -- 0.080.002 -- 0.002Grapes (white)ItalyBF90.29 ± 0.050.05 ± 0.000.29 ± 0.080.002 ± 0.0000.12 ± 0.01ND0.001 ± 0.0010.24 -- 0.320.05 -- 0.070.22 -- 0.370.002 -- 0.0020.10 -- 0.160.0002 -- 0.001Grapes (white)SpainBF30.17 ± 0.020.04 ± 0.000.30 ± 0.000.002 ± 0.000.11 ± 0.00ND0.001 ± 0.000.15 -- 0.190.04 -- 0.040.29 -- 0.300.002 -- 0.0020.11 -- 0.120.0003 -- 0.002Kiwi^a^ItalyBF30.20 ± 0.010.09 ± 0.010.06 ± 0.000.003 ± 0.000.13 ± 0.00ND0.01 ± 0.000.19 -- 0.220.08 -- 0.100.05 -- 0.060.003 -- 0.0030.13 -- 0.130.01 -- 0.01Kiwi^a^ItalyBF30.36 ± 0.010.17 ± 0.010.10 ± 0.010.003 ± 0.000.04 ± 0.00ND0.003 ± 0.000.35 -- 0.370.16 -- 0.170.09 -- 0.110.003 -- 0.0040.04 -- 0.040.002 -- 0.003Kiwi^a^ItalyBF30.45 ± 0.010.19 ± 0.010.10 ± 0.000.004 ± 0.000.12 ± 0.00ND0.02 ± 0.000.44 -- 0.460.18 -- 0.190.09 -- 0.100.004 -- 0.0040.12 -- 0.120.02 -- 0.02Lemon (peeled)^a^SpainBF30.36 ± 0.010.07 ± 0.000.03 ± 0.000.003 ± 0.000.03 ± 0.00ND0.001 ± 0.000.35 -- 0.360.07 -- 0.080.03 -- 0.030.003 -- 0.0030.03 -- 0.030.001 -- 0.002Lemon (peeled)^a^SpainBF30.69 ± 0.040.07 ± 0.000.03 ± 0.000.002 ± 0.000.03 ± 0.00ND0.01 ± 0.000.66 -- 0.730.07 -- 0.070.03 -- 0.030.003 -- 0.0030.03 -- 0.030.01 -- 0.01Lemon^a^SpainBF30.94 ± 0.060.08 ± 0.000.03 ± 0.000.01 ± 0.000.02 ± 0.00ND0.01 ± 0.000.90 -- 0.980.08 -- 0.080.03 -- 0.030.01 -- 0.010.02 -- 0.020.01 -- 0.01Lemon^a^SpainBF30.54 ± 0.010.07 ± 0.000.03 ± 0.000.004 ± 0.000.07 ± 0.00ND0.01 ± 0.000.53 -- 0.550.07 -- 0.070.03 -- 0.030.004 -- 0.0040.07 -- 0.070.01 -- 0.01Lemon^a^SpainBF30.46 ± 0.030.08 ± 0.000.03 ± 0.000.001 ± 0.000.02 ± 0.00ND0.01 ± 0.000.43 -- 0.490.08 -- 0.080.03 -- 0.030.002 -- 0.0030.02 -- 0.020.01 -- 0.01Lime (peeled)BrazilBF30.70 ± 0.010.14 ± 0.010.03 ± 0.000.003 ± 0.000.09 ± 0.00ND0.002 ± 0.000.69 -- 0.710.14 -- 0.150.03 -- 0.030.003 -- 0.0030.09 -- 0.100.002 -- 0.002LimeBrazilBF31.23 ± 0.030.13 ± 0.000.04 ± 0.000.01 ± 0.000.30 ± 0.01ND0.01 ± 0.001.20 -- 1.250.13 -- 0.140.04 -- 0.040.01 -- 0.010.29 -- 0.300.01 -- 0.01Mandarine Clementine^a^SpainBF30.23 ± 0.010.09 ± 0.000.03 ± 0.000.003 ± 0.000.04 ± 0.00ND0.01 ± 0.000.22 -- 0.240.09 -- 0.090.03 -- 0.040.003 -- 0.0040.04 -- 0.040.01 -- 0.01Mandarine Clementine^a^SpainBF30.24 ± 0.010.04 ± 0.000.03 ± 0.000.003 ± 0.000.02 ± 0.00ND0.01 ± 0.000.24 -- 0.250.04 -- 0.040.03 -- 0.030.003 -- 0.0030.02 -- 0.020.005 -- 0.01Mandarine Clementine^a^SpainBF30.33 ± 0.000.12 ± 0.000.03 ± 0.000.001 ± 0.00NAND0.002 ± 0.000.32 -- 0.330.12 -- 0.120.03 -- 0.030.001 -- 0.0020.002--0.002Mandarine^a^SpainBF30.28 ± 0.000.06 ± 0.000.02 ± 0.000.002 ± 0.000.02 ± 0.00ND0.003 ± 0.000.28 -- 0.280.06 -- 0.070.02 -- 0.020.002 -- 0.0030.02 -- 0.020.003 --  0.004Melon GaliaBrazilBF30.22 ± 0.020.09 ± 0.020.002 ± 0.000.001 ± 0.000.03 ± 0.00ND0.002 ± 0.000.20 -- 0.230.07 -- 0.110.002 -- 0.0020.001 -- 0.0020.03 -- 0.030.001 -- 0.002Melon honeydewBrazilBF30.32 ± 0.010.09 ± 0.010.01 ± 0.000.002 ± 0.000.04 ± 0.00ND0.002 ± 0.000.31 -- 0.340.08 -- 0.100.01 -- 0.010.002 -- 0.0020.04 -- 0.040.001 -- 0.002MelonBrazilBF30.40 ± 0.020.10 ± 0.000.01 ± 0.000.001 ± 0.000.04 ± 0.00ND0.004 ± 0.000.38 -- 0.410.10 -- 0.100.01 -- 0.010.001 -- 0.0020.04 -- 0.040.004 -- 0.005Orange (Navel orange)GreeceBF30.22 ± 0.010.08 ± 0.000.03 ± 0.000.003 ± 0.000.03 ± 0.00ND0.001 ± 0.000.22 -- 0.240.07 -- 0.080.03 -- 0.030.003 -- 0.0030.03 -- 0.030.001 -- 0.002Orange (Navel orange)SpainBF30.53 ± 0.050.08 ± 0.010.04 ± 0.000.003 ± 0.000.03 ± 0.00NDND0.50 -- 0.570.07 -- 0.090.04 -- 0.040.003 -- 0.0040.03 -- 0.03OrangeSpainBF30.57 ± 0.010.07 ± 0.000.03 ± 0.000.003 ± 0.000.04 ± 0.00ND0.01 ± 0.000.56 -- 0.580.07 -- 0.080.03 -- 0.040.003 -- 0.0030.04 -- 0.050.01 -- 0.01PapayaBrazilBF30.45 ± 0.010.09 ± 0.010.02 ± 0.000.003 ± 0.000.01 ± 0.00ND0.004 ± 0.000.44 -- 0.460.09 -- 0.100.02 -- 0.020.002 -- 0.0030.01 -- 0.010.003 -- 0.004PapayaRepublic of Ivory CoastBF30.54 ± 0.010.05 ± 0.000.03 ± 0.000.003 ± 0.000.01 ± 0.00ND0.01 ± 0.000.52 -- 0.550.05 -- 0.050.03 -- 0.030.002 -- 0.0030.01 -- 0.010.005 -- 0.01RedcurrantPolandBF60.97 ± 0.040.18 ± 0.020.04 ± 0.000.01 ± 0.000.11 ± 0.01ND0.01 ± 0.010.90 -- 1.020.16 -- 0.190.04 -- 0.050.003 -- 0.010.10 -- 0.120.002 -- 0.01*ND* not detected (Co \< 0.001 mg 100 g ^−1^ (*w*/*w*); Ni \< 0.002 mg 100 g ^−1^ (*w*/*w*)), *NA* not analysed, *BF* berry fruits^a^Different retailers/producers of productsTable 5Concentration of the macro- and microelements studied in fresh accessory fruits in milligrammes per 100 g wet weight ($\documentclass[12pt]{minimal}
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                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \overline{x} $$\end{document}$ ± SD, range)ProductOriginType of fruitNumberWater content (%)CaMgPNaKFeZnCuCrMnCoNiPineappleCosta RicaAF387.713.5 ± 0.3310.6 ± 0.2315.6 ± 0.230.19 ± 0.0579.4 ± 6.170.87 ± 0.020.12 ± 0.000.07 ± 0.000.004 ± 0.000.14 ± 0.00ND0.003 ± 0.0013.2 -- 13.910.4 -- 10.815.4 -- 15.80.16 − 0.2372.7 − 84.80.85 − 0.880.12 − 0.130.07 − 0.070.003 − 0.0040.14 − 0.140.003 − 0.003PineappleHondurasAF389.26.75 ± 0.287.50 ± 0.217.08 ± 0.290.09 ± 0.0056.9 ± 1.350.57 ± 0.020.12 ± 0.000.06 ± 0.000.002 ± 0.000.82 ± 0.02ND0.01 ± 0.006.52 − 7.067.25 − 7.656.75 − 7.290.08 − 0.0955.7 − 58.30.56 − 0.590.12 − 0.120.06 − 0.070.002 − 0.0020.80 − 0.840.005 − 0.01RaspberryPolandAF686.922.7 ± 7.2519.9 ± 4.5737.1 ± 10.70.50 ± 0.27115 ± 20.91.12 ± 0.330.44 ± 0.120.11 ± 0.040.01 ± 0.001.17 ± 0.62ND0.07 ± 0.0616.8 − 28.216.4 − 23.728.6 − 46.10.30 − 0.8098.9 − 1310.86 − 1.410.34 − 0.550.08 − 0.150.01 − 0.010.72 − 1.610.03 − 0.11StrawberryPoland 'Kashubian strawberry'AF1589.816.6 ± 1.1610.9 ± 2.7530.8 ± 5.730.31 ± 0.1189.5 ± 10.50.54 ± 0.230.14 ± 0.030.03 ± 0.020.01 ± 0.0030.49 ± 0.22ND0.01 ± 0.00314.5 − 19.08.91 − 16.823.4 − 41.00.18 − 0.5176.9 − 1040.40 − 0.990.12 − 0.190.02 − 0.070.003 − 0.010.30 − 0.890.004 − 0.01*ND* not detected (Co \< 0.001 mg/100 g (*w*/*w*); Ni \< 0.002 mg/100 g (*w*/*w*)), *AF* accessory fruitsTable 6Concentration of the macro- and microelements studied in fresh pip fruits in milligrammes per 100 g wet weight ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
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                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ \overline{x} $$\end{document}$ ± SD, range)ProductOriginType of fruitNumberWater content (%)CaMgPNaKFeZnCuCrMnCoNiApple Antonovka (peeled)PolandPF390.61.87 ± 0.082.36 ± 0.0611.7 ± 0.050.04 ± 0.0043.1 ± 0.060.47 ± 0.010.04 ± 0.000.03 ± 0.000.002 ± 0.000.05 ± 0.00ND0.005 ± 0.001.82 -- 1.952.30 -- 2.4511.6 -- 11.70.04 -- 0.0443.1 -- 43.20.46 -- 0.470.04 -- 0.050.03 -- 0.030.002 -- 0.0020.05 -- 0.050.003 -- 0.01Apple AntonovkaPolandPF389.92.36 ± 0.103.16 ± 0.0714.2 ± 0.280.03 ± 0.0056.9 ± 0.510.48 ± 0.010.05 ± 0.000.03 ± 0.000.002 ± 0.000.06 ± 0.00ND0.002 ± 0.002.27 -- 2.473.11 -- 3.2413.9 -- 14.50.03 -- 0.0356.3 -- 57.30.47 -- 0.480.05 -- 0.050.03 -- 0.030.002 -- 0.0020.06 -- 0.060.002 -- 0.002Apple Cortland (peeled)PolandPF387.51.90 ± 0.142.81 ± 0.038.92 ± 0.230.03 ± 0.0152.4 ± 1.480.50 ± 0.050.06 ± 0.010.02 ± 0.000.001 ± 0.000.05 ± 0.00ND0.01 ± 0.001.74 -- 2.002.78 -- 2.848.69 -- 9.150.03 -- 0.0451.1 -- 54.00.46 -- 0.530.05 -- 0.060.01 -- 0.020.001 -- 0.0020.05 -- 0.050.01 -- 0.01Apple CortlandPolandPF386.12.40 ± 0.103.50 ± 0.0411.1 ± 0.070.08 ± 0.0049.9 ± 0.960.55 ± 0.020.04 ± 0.000.02 ± 0.000.003 ± 0.000.06 ± 0.00ND0.01 ± 0.002.29 -- 2.453.45 -- 3.5211.1 -- 11.20.07 -- 0.0848.9 -- 50.70.54 -- 0.580.04 -- 0.040.02 -- 0.020.002 -- 0.0030.06 -- 0.060.005 -- 0.01Apple Granny Smith (peeled)HollandPF388.53.03 ± 0.362.12 ± 0.126.88 ± 0.570.28 ± 0.0048.5 ± 2.520.41 ± 0.030.05 ± 0.000.02 ± 0.000.002 ± 0.000.02 ± 0.00ND0.001 ± 0.002.78 -- 3.291.98 -- 2.216.26 -- 7.390.28 -- 0.2845.7 -- 50.60.37 -- 0.430.05 -- 0.050.02 -- 0.020.002 -- 0.0020.02 -- 0.020.001 -- 0.001Apple Granny SmithHollandPF387.43.23 ± 0.123.12 ± 0.1111.3 ± 0.561.05 ± 0.1959.4 ± 5.240.66 ± 0.030.05 ± 0.000.03 ± 0.000.01 ± 0.000.05 ± 0.00NDND3.09 -- 3.322.99 -- 3.1810.8 -- 11.90.92 -- 1.1956.1 -- 65.40.64 -- 0.690.05 -- 0.060.02 -- 0.030.01 -- 0.010.05 -- 0.05Apple Idared (peeled)PolandPF387.72.51 ± 0.052.28 ± 0.066.06 ± 0.470.16 ± 0.0038.3 ± 0.840.44 ± 0.010.03 ± 0.000.01 ± 0.000.001 ± 0.000.02 ± 0.00ND0.001 ± 0.002.47 -- 2.552.22 -- 2.345.73 -- 6.390.15 -- 0.1637.5 -- 39.20.44 -- 0.450.03 -- 0.040.01 -- 0.010.001 -- 0.0010.02 -- 0.020.0003 -- 0.001Apple IdaredPolandPF387.33.21 ± 0.033.02 ± 0.137.02 ± 0.410.19 ± 0.0340.1 ± 0.510.57 ± 0.010.02 ± 0.000.01 ± 0.000.001 ± 0.000.03 ± 0.00ND0.001 ± 0.003.19 -- 3.232.95 -- 3.176.68 -- 7.480.17 -- 0.2140.0 -- 40.70.56 -- 0.580.02 -- 0.020.01 -- 0.010.001 -- 0.0010.03 -- 0.030.0001 -- 0.003Apple Jonagold (peeled)PolandPF685.81.56 ± 0.212.02 ± 0.057.08 ± 0.010.22 ± 0.0352.0 ± 1.730.36 ± 0.120.02 ± 0.000.01 ± 0.020.0004 ± 0.000.03 ± 0.01ND0.003 ± 0.001.41 -- 1.701.98 -- 2.067.07 -- 7.090.20 -- 0.2450.8 -- 53.20.28 -- 0.450.02 -- 0.020.00 -- 0.020.0003 -- 0.0010.02 -- 0.030.001 -- 0.005Apple JonagoldPolandPF684.82.39 ± 0.353.18 ± 0.197.98 ± 1.310.21 ± 0.0253.4 ± 5.050.63 ± 0.020.03 ± 0.010.02 ± 0.000.002 ± 0.000.04 ± 0.00ND0.003 ± 0.001.92 -- 2.842.92 -- 3.426.75 -- 10.10.19 -- 0.2347.8 -- 62.40.49 -- 0.790.02 -- 0.040.01 -- 0.020.002 -- 0.0020.04 -- 0.050.001 -- 0.004Apple Lobo (peeled)PolandPF388.81.44 ± 0.072.56 ± 0.058.73 ± 0.500.08 ± 0.0250.8 ± 2.140.61 ± 0.020.04 ± 0.000.01 ± 0.000.002 ± 0.000.05 ± 0.00ND0.001 ± 0.001.42 -- 1.512.50 -- 2.598.23 -- 9.230.06 -- 0.1049.5 -- 53.30.59 -- 0.620.04 -- 0.040.01 -- 0.010.002 -- 0.0020.05 -- 0.050.0002 -- 0.001Apple LoboPolandPF387.73.11 ± 0.293.31 ± 0.267.72 ± 0.700.07 ± 0.0255.7 ± 0.000.31 ± 0.030.05 ± 0.000.01 ± 0.000.002 ± 0.000.08 ± 0.01ND0.005 ± 0.002.82 -- 3.413.04 -- 3.576.91 -- 8.120.06 -- 0.0955.7 -- 55.70.27 -- 0.340.05 -- 0.060.01 -- 0.010.002 -- 0.0020.07 -- 0.080.004 -- 0.005Pear (peeled)^a^PolandPF391.25.39 ± 0.214.91 ± 0.1217.5 ± 0.280.24 ± 0.0159.0 ± 2.300.21 ± 0.010.13 ± 0.000.04 ± 0.000.002 ± 0.000.03 ± 0.00ND0.01 ± 0.005.25 -- 5.634.82 -- 5.0417.1 -- 17.60.23 -- 0.2457.7 -- 61.70.20 -- 0.220.13 -- 0.140.04 -- 0.040.001 -- 0.0020.03 -- 0.030.01 -- 0.01Pear (peeled)^a^PolandPF387.93.27 ± 0.103.24 ± 0.0514.4 ± 0.310.08 ± 0.0167.3 ± 4.900.28 ± 0.000.08 ± 0.000.03 ± 0.000.001 ± 0.000.04 ± 0.00ND0.01 ± 0.003.15 -- 3.333.18 -- 3.2714.1 -- 14.70.08 -- 0.0963.8 -- 70.80.28 -- 0.280.08 -- 0.080.03 -- 0.030.001 -- 0.0010.04 -- 0.040.01 -- 0.01Pear (peeled)^a^PolandPF389.22.81 ± 0.194.83 ± 0.0217.1 ± 1.270.05 ± 0.0080.7 ± 2.070.29 ± 0.010.11 ± 0.010.05 ± 0.010.001 ± 0.000.05 ± 0.00ND0.02 ± 0.002.65 -- 3.014.82 -- 4.8516.3 -- 18.60.05 -- 0.0579.1 -- 83.10.28 -- 0.300.10 -- 0.110.04 -- 0.050.001 -- 0.0010.05 -- 0.050.02 -- 0.02Pear (peeled)^a^ItalyPF386.63.07 ± 0.294.95 ± 0.4713.1 ± 1.110.44 ± 0.0383.7 ± 11.30.30 ± 0.020.14 ± 0.010.04 ± 0.010.001 ± 0.000.02 ± 0.00ND0.002 ± 0.002.74 -- 3.304.62 -- 5.2811.8 -- 13.90.42 -- 0.4774.5 -- 96.20.28 -- 0.310.13 -- 0.150.03 -- 0.040.001 -- 0.0010.02 -- 0.030.001 -- 0.003Pear^a^PolandPF390.06.35 ± 0.295.33 ± 0.1716.9 ± 0.540.16 ± 0.0157.3 ± 2.720.26 ± 0.030.14 ± 0.000.06 ± 0.000.002 ± 0.000.06 ± 0.00ND0.01 ± 0.006.11 -- 6.675.22 -- 5.5216.5 -- 17.50.15 -- 0.1755.2 -- 60.40.24 -- 0.290.14 -- 0.140.06 -- 0.060.002 -- 0.0020.06 -- 0.060.01 -- 0.01Pear^a^PolandPF386.95.05 ± 0.393.67 ± 0.1015.0 ± 0.380.08 ± 0.0163.9 ± 3.240.37 ± 0.030.08 ± 0.000.03 ± 0.000.002 ± 0.000.07 ± 0.00ND0.01 ± 0.004.61 -- 5.343.56 -- 3.7414.6 -- 15.30.07 -- 0.0960.8 -- 67.30.33 -- 0.390.08 -- 0.080.03 -- 0.030.001 -- 0.0020.07 -- 0.070.01 -- 0.01Pear^a^PolandPF387.93.97 ± 0.064.51 ± 0.2317.2 ± 0.860.14 ± 0.0178.9 ± 2.230.33 ± 0.020.12 ± 0.010.06 ± 0.010.001 ± 0.000.06 ± 0.00ND0.02 ± 0.003.90 -- 4.034.25 -- 4.7016.3 -- 17.90.13 -- 0.1576.7 -- 81.20.32 -- 0.360.12 -- 0.130.06 -- 0.060.001 -- 0.0020.06 -- 0.060.02 -- 0.02Pear^a^ItalyPF384.85.73 ± 0.244.71 ± 0.187.48 ± 0.830.42 ± 0.0369.9 ± 1.500.45 ± 0.010.12 ± 0.000.02 ± 0.000.002 ± 0.000.03 ± 0.00NDND5.46 -- 5.944.60 -- 4.916.83 -- 8.070.40 -- 0.4568.6 -- 71.50.44 -- 0.460.12 -- 0.130.02 -- 0.030.002 -- 0.0020.03 -- 0.03*ND* not detected (Co \< 0.001 mg/100 g (*w*/*w*).; Ni \< 0.002 mg/100 g (*w*/*w*), *PF* pip fruits^a^Different retailers/producers of productsTable 7Concentration of the macro- and microelements studied in fresh stone fruits in milligrammes per 100 g wet weight ($\documentclass[12pt]{minimal}
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                \begin{document}$$ \overline{x} $$\end{document}$ ± SD, range)ProductOriginType of fruitNumberWater content (%)CaMgPNaKFeZnCuCrMnCoNiCherry (gean; black)PolandSF684.67.39 ± 0.475.90 ± 0.7523.9 ± 3.620.07 ± 0.0198.3 ± 4.630.51 ± 0.180.06 ± 0.060.001 ± 0.0010.002 ± 0.0010.03 ± 0.03ND0.01 ± 0.0046.92--8.174.55--6.6517.5--26.90.03--0.0988.3--1030.37--0.660.02--0.110.000--0.0030.001--0.0020.01--0.050.004--0.01Cherry (gean)PolandSF682.011.7 ± 1.076.42 ± 0.9032.6 ± 4.740.10 ± 0.03127 ± 18.01.20 ± 0.130.08 ± 0.020.06 ± 0.000.003 ± 0.0010.09 ± 0.01ND0.02 ± 0.019.95--13.25.45--7.5027.6--39.20.07--0.12112--1411.08--1.320.02--0.110.05--0.070.002--0.0040.08--0.100.01--0.03CherryPolandSF686.117.3 ± 2.418.97 ± 2.4129.9 ± 2.470.08 ± 0.04101 ± 9.360.58 ± 0.280.09 ± 0.060.03 ± 0.030.003 ± 0.0010.12 ± 0.10ND0.01 ± 0.0015.3--20.17.40--11.227.7--32.00.05--0.1286.5--1100.37--0.820.04--0.150.002--0.060.002--0.0030.05--0.200.01--0.01LycheeRSASF384.61.37 ± 0.047.83 ± 0.3438.9 ± 1.650.16 ± 0.03116 ± 20.90.31 ± 0.020.42 ± 0.000.17 ± 0.010.0003 ± 0.000.05 ± 0.000.01 ± 0.000.002 ± 0.001.34--1.397.44--8.0837.6--40.70.14--0.18104--1400.29--0.330.42--0.430.17--0.180.0003--0.00030.05--0.060.01--0.010.002--0.003Mango^a^BrazilSF390.412.6 ± 0.325.57 ± 0.2812.8 ± 0.290.18 ± 0.1362.7 ± 4.480.34 ± 0.020.12 ± 0.000.06 ± 0.000.001 ± 0.000.09 ± 0.00ND0.003 ± 0.0012.2--12.95.28--5.8312.5--13.00.09--0.2757.8--66.70.32--0.360.12--0.130.06--0.060.001--0.0010.09--0.100.002--0.005Mango^a^BrazilSF388.612.4 ± 0.816.25 ± 0.1614.3 ± 0.620.16 ± 0.0159.5 ± 2.010.61 ± 0.010.09 ± 0.010.04 ± 0.000.003 ± 0.001.32 ± 0.05ND0.004 ± 0.0011.8--13.36.11--6.4313.6--14.80.14--0.1758.0--61.80.60--0.620.08--0.090.04--0.040.003--0.0031.27--1.370.004--0.005Mango^a^EcuadorSF387.65.37 ± 0.223.87 ± 0.1312.6 ± 0.020.11 ± 0.0266.6 ± 9.851.01 ± 0.040.11 ± 0.000.03 ± 0.000.001 ± 0.000.48 ± 0.00ND0.01 ± 0.005.19--5.623.75--4.0012.6--12.70.09--0.1260.0--73.60.97--1.040.11--0.120.03--0.040.001--0.0010.47--0.480.01--0.01Mango^a^EcuadorSF387.111.7 ± 0.478.93 ± 0.3813.9 ± 0.260.17 ± 0.0179.1 ± 2.330.42 ± 0.020.08 ± 0.000.02 ± 0.000.003 ± 0.000.10 ± 0.00ND0.005 ± 0.0011.1--11.98.49--9.1513.7--14.10.16--0.1876.4--80.70.40--0.430.08--0.090.01--0.020.003--0.0030.10--0.110.004--0.005PlumPolandSF1284.312.1 ± 4.057.75 ± 0.6628.6 ± 5.840.16 ± 0.09114 ± 12.10.53 ± 0.150.12 ± 0.030.05 ± 0.020.01 ± 0.0030.14 ± 0.02ND0.01 ± 0.008.65--18.76.67--9.0521.3--37.40.06--0.2997.1--1350.44--0.770.08--0.140.03--0.070.004--0.010.11--0.160.01--0.01*ND* not detected (Co \< 0.001 mg/100 g (*w*/*w*); Ni \< 0.002 mg/100 g (*w*/*w*)), *SF* stone fruits^a^Different retailers/producers of products

Co content in fruit samples was generally under LOD of the method applied (Co \< 0.001 mg/100 g (*w*/*w*)) but in case of Ni only two samples were below LOD (Ni \< 0.002 mg/100 g (*w*/*w*)). The detection limit was established according to Konieczka and Namieśnik ([@CR26]), i.e. LD = blank mean + 3 SD.

Macroelements {#Sec9}
-------------

Mineral elements were found to vary widely among studied fruits. In general, peeled fruits (apples, lemons and pears) contained lower levels of macro- and microelements in comparison to unpeeled ones (Tables [3](#Tab3){ref-type="table"}, [4](#Tab4){ref-type="table"}, [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}). The most significant differences between these two types of samples were observed in the case of macroelements such as Ca, Mg, P and K (Tables [3](#Tab3){ref-type="table"}, [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}). Their concentrations in the analysed samples were quite varied with the highest values for K (Tables [3](#Tab3){ref-type="table"}, [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}). Ranges of K mean concentration in 100 g of fresh fruits samples were as follows: 55.7--131 mg (accessory fruits), 41.8--178 mg (berry fruits), 38.3--83.7 mg (pip fruits) and 57.8--141 mg (stone fruits). Particularly rich in K were avocado (130--178 mg/100 g), banana (158 mg/100 g), cherry (98.3--127 mg/100 g) and kiwi (121--126 mg/100 g) (Table [3](#Tab3){ref-type="table"}, [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}). Average P levels determined in stone, accessory and berry fruits were comparable, i.e. 25.3, 27.9 and 26.9 mg/100 g of a product. The highest concentration of this element was determined in avocado from the Dominican Republic (55.2 mg/100 g) while the lowest in Idared apple (6.06 mg/100 g). Fruits characterised by higher levels of Mg were bananas (21.8--22.7 mg/100 g) and avocados (16.2--22.6 mg/100 g). Pip fruits contained the lowest amounts of the macroelements analysed whereas accessory fruits were particularly rich in Mg (31.0 mg/100 g). Average Na levels in the analysed fruits were in the range of 0.1 (stone fruits) and 1.0 mg/100 g (berry fruits). The mean Ca concentration was the highest in berry fruits (19.5 mg/100 g) while the lowest in pip fruits (3.2 mg/100 g). Fruits absorb macroelements from the soil and in case of certain fruits such as avocado, banana or mango geographical origin seemed to have influence on their mineral composition (Tables [3](#Tab3){ref-type="table"} and [7](#Tab7){ref-type="table"}).

These results concerning P in all types of fresh fruits analysed are comparable to findings of Souci et al. ([@CR40]) as well as Szefer and Grembecka ([@CR43]). However, Hardisson et al. ([@CR16]) determined in papayas higher concentrations of P (17.9--20.5 mg/100 g) and K (300--338 mg/100 g). According to Plessi et al. ([@CR38]), blackberries and black currants contain more Mg, i.e. 150.92 (23.2 mg/100 g fresh weight) and 106.73 mg/100 g dry weight (18.6 mg/100 g fresh weight), respectively. Average K and Mg content for Hawaii's bananas was 330.6 and 35.1 mg/100 g fresh weight (Wall [@CR46]) which is much higher than in our study. Similar values for Mg (27 mg/100 g) and K (358 mg/100 g) in bananas can be found in Food Composition Table by McGraw-Hill Companies Staff ([@CR30]). Hardisson et al. ([@CR18]) determined K in bananas in the range of 59--733 mg/100 g. Hamurcu et al. ([@CR15]) analysed different kinds of fruits grown at the roadsides. They found comparable results for the analysed macro- and microelements, i.e. plum contained 206.74 (32.5 mg/100 g fresh weight) and 4.21 mg P/100 g dry weight (0.66 mg/100 g fresh weight). Mitić et al. ([@CR31]) found higher levels of Na in sour cherries but comparable for Mg and K whereas lower for Ca. According to McGraw-Hill Companies Staff ([@CR30]), cherries contain 14.3 mg Ca, 10 mg Mg and 214 mg of K in 100 g fresh weight. Conventional mangoes samples contained on average 47.3 mg Ca, 146.6 mg K, 18.08 mg Mg and 11.44 mg Na/100 g whereas organic ones 44.5 mg Ca, 112 mg K, 17.96 mg Mg and 15.26 mg Na/100 g (Hernández-Sánchez et al. [@CR19]).

Microelements {#Sec10}
-------------

Trace elements concentrations on wet basis are given in Tables [4](#Tab4){ref-type="table"}, [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}. According to the results, Fe had the highest concentration followed by Mn and Zn. The lowest Fe concentration was determined in avocado from Israel---0.10 mg/100 g while the highest in grapefruit from Israel---1.56 mg/100 g. Accessory and stone fruits exhibited higher levels of Fe than the other fruits. Mn levels were in the range of 0.01 and 2.43 mg/100 g in papayas and blackberry, respectively (Tables [4](#Tab4){ref-type="table"}, [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}). Zn concentration in the samples analysed ranged between 0.02 (apple Jonagold/Poland) and 0.44 mg/100 g (raspberry/Poland) (Table [4](#Tab4){ref-type="table"}). The average concentrations of Zn were the highest in accessory fruits samples (0.20 mg/100 g) while the lowest in pip fruits samples (0.07 mg/100 g). Cu levels in the samples analysed ranged from 0.001 to 0.30 mg/100 g (Tables [4](#Tab4){ref-type="table"}, [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}).

In the case of Ni, Co and Cr, their average concentration was found to be the highest in accessory fruits, i.e. 0.02, 0.01 and 0.005 mg/100 g, respectively (Table [5](#Tab5){ref-type="table"}). Although accessory fruits were found to be the greatest source of Ni among all the analysed fruits, in all the fruits Ni was more abundant than Cr and Co. The SDs of the mean values are quite low implying that the fruits analysed in this study were not highly contaminated by heavy metals.

Bagdatlioglu et al. ([@CR3]) presented similar values for Cu but lower for Zn in strawberries. Comparable average Fe concentration was determined by Plessi et al. ([@CR38]) in raspberries, i.e. 9.06 mg/100 g dry weight (1.19 mg/100 g fresh weight). According to Food Composition and Nutrition Tables by Souci et al. ([@CR40]), strawberries contain 0.26 mg Zn and 0.005 mg Ni while raspberries 0.36 mg Zn and 0.019 mg Ni in 100 g of fresh weight. Similar values are reported in Polish Food Composition Tables by Kunachowicz et al. ([@CR27]). Wall ([@CR46]) stated in her work that Fe, Cu and Mn are of nutritional importance in bananas. On average they contain 0.78 mg Fe/100 g and 0.49 mg Mn/100 g (Wall [@CR46]). Lower values for Fe (0.16--0.54 mg/100 g) and Mn (0.06--0.12 mg/100 g) in bananas were determined by Hardisson et al. ([@CR18]). Hamurcu et al. ([@CR15]) determined Ni and Cr concentration in plums that amounted to 0.050 (0.008 mg/100 g fresh weight) and 0.027 mg/100 g dry weight (0.004 mg/100 g fresh weight). Higher levels of Fe, Mn and Ni and comparable for Zn and Cr were determined in table grapes by Mitić et al. ([@CR31]). According to Radwan and Salama ([@CR39]), apples contained 1.47 (0.02 mg Cu/100 g fresh weight) whereas bananas 2.51 mg/100 g dry weight (0.06 mg Cu/100 g fresh product) which is comparable to our results. The biggest Cu concentration was found in grapefruits, i.e. 7.75 mg/100 g dry weight (0.09 mg/100 g fresh weight), which is three times higher than in our study (Radwan and Salama [@CR39]). McGraw-Hill Companies Staff ([@CR30]) reported similar to that obtained in this study values for Fe and Zn in fruits. According to Hernández-Sánchez et al. ([@CR19]), conventional mangoes on average contain lower levels of Fe and Cu and higher of Ni and Zn than organic fruits.

Recommended dietary intake {#Sec11}
--------------------------

The daily mineral intake (in per cent) through consumption of 100 g of analysed fruits was calculated as DMI = C × 100/recommended dietary allowance (RDA; or adequate intake (AI)); where C---element concentration (in milligrammes) in 100 g fruits; RDA---according to the National Polish Food and Nutrition Institute (Jarosz and Bułhak-Jachymczyk [@CR23]) or American data (Food and Nutrition Board [@CR7], [@CR8], [@CR9], [@CR10]) if there was no Polish recommendation (Mn and Cr). Comparison of RDA and AI values for the analysed elements is presented in Table [8](#Tab8){ref-type="table"}.Table 8Average realisation of recommended dietary allowance (RDA) and adequate intake (AI) values (in per cent) for macro- and microelements by 100 g of studied fruitsPMgCaKNaFeZnCuMnCrMicroelements (mg person^−1^ day^−1^)  Poland*700320 (W)/420 (M)*1,000^a^4,700^a^1,500^a^*10 (M)/18 (W)8 (W)/11 (M)0.9*----  USA*700320 (W)/420 (M)1,000*4,700^a^1,500^a^*8 (M)/18 (W)8 (W)/11 (M)0.9*1.8 (W)/2.3 (M)^a^0.025 (W)/0.035 (M)^a^% of RDA and AI realisation  Accessory fruits3.989.69--7.391.651.920.027.09--3.942.51--1.836.2835.3--27.718.9--13.5  Berry fruits3.842.96--2.261.952.150.075.72--3.181.61--1.177.2816.5--12.912.6--8.98  Pip fruits1.621.09--0.830.321.240.014.24--2.360.88--0.642.962.56--2.007.41--5.29  Stone fruits3.622.21--1.681.102.120.136.29--3.501.47--1.075.2711.4--8.9311.7--8.34RDA---entries set in italics*W* woman, *M* man^a^AI

Consumption of 100 g of fresh fruits supplies the human body with varied amounts of mineral components (Table [8](#Tab8){ref-type="table"}). In general, the average realisation of RDA and AI for an adult through consumption of 100 g of all studied fruits is between 3.06 and 4.01 % for Mg, 1.28 % for Ca, 0.03 % for Na, 1.92 % for K, 3.39 % for P, 1.12 and 1.54 % for Zn, 5.22 % for Cu, 3.31 and 5.95 % for Fe, 11.8 and 15.0 % for Mn and 9.49 and 13.3 % for Cr. The highest average percentages of realisation of RDA and AI for an adult were obtained for accessory fruits, such as raspberries, strawberries and pineapples.

Statistical estimate {#Sec12}
--------------------

### Correlation {#Sec13}

Statistically significant correlations (*α* \< 0.001, *α* \< 0.01 and *α* \< 0.05) between concentrations of the metals studied in fresh fruits are listed in Table [9](#Tab9){ref-type="table"}. As can be seen in Table [6](#Tab6){ref-type="table"}, the majority of chemical elements exhibited significant positive correlations between their concentrations in the analysed samples. Significant positive relationships (*α* \< 0.001) were observed inter alia for the following assemblages: Mg--P--Zn, Na--Mg--Ca, K--Mg--P, Fe--Cr, Mn--Mg--P and Zn--Cr--Cu--Mn.Table 9Significant correlations between elements in fresh fruitsElementFruitsMg(+)P^c^, (+)Ca^c^, (+)K^c^, (+)Na^c^, (+)Zn^c^, (+)Cr^c^, (+)Mn^c^, (+)Ni^b^ and (+)Cu^a^Ca(+)Mg^c^, (+)P^c^, (+)Cr^c^, (+)K^b^, (+)Zn^b^, (+)Ni^a^, (+)Na^a^ and (+)Fe^a^Na(+)Mg^c^, (+)Ca^a^ and (+)Cr^a^K(+)Mg^c^, (+)P^c^, (+)Ca^b^, (+)Zn^b^, (+)Cu^b^, and (+)Cr^b^P(+)Mg^c^, (+)Ca^c^, (+)K^c^, (+)Zn^c^, (+)Cu^c^, (+)Cr^c^, (+)Mn^c^, and (+)Ni^b^Zn(+)Mg^c^, (+)P^c^, (+)Cu^c^, (+)Cr^c^, (+)Ni^c^, (+)Mn^c^, (+)Ca^b^, and (+)K^b^Cu(+)P^c^, (+)Zn^c^, (+)Mn^c^, (+)K^b^, and (+)Mg^a^Fe(+)Cr^c^, (+)Mn^b^, and (+)Ca^a^Mn(+)Mg^c^, (+)P^c^, (+)Zn^c^, (+)Cu^c^, (+)Cr^c^, (+)Fe^b^, and (+)Ni^a^Cr(+)Mg^c^, (+)P^c^, (+)Ca^c^, (+)Fe^c^, (+)Zn^c^, (+)Mn^c^, (+)K^b^, (+)Na^a^, and (+)Ni^a^Ni(+)Zn^c^, (+)Mg^b^, (+)P^b^, (+)Ca^a^, (+)Cr^a^, and (+)Mn^a^'+' positive correlation^a^ *α* \< 0.05^b^ *α* \< 0.01^c^ *α* \< 0.001

ANOVA Kruskal--Wallis test {#Sec14}
--------------------------

Due to the application of ANOVA Kruskal--Wallis, it was possible to record statistically significant influence of the botanical type of fruit (accessory, beery, pip and stone fruits) on the content of all macroelements and selected microelements (Table [10](#Tab10){ref-type="table"}). There was statistically significant influence of type of fruit on a concentration of P, Mg, Ca, K, Na, Zn, Cr and Mn (*α* \< 0.001) and Cu (*α* \< 0.05).Table 10The influence of the fruit type and its botanical provenance on elemental composition in view of ANOVA Kruskal--Wallis testFruitsMgCaNaKPZnCuFeMnCrNiType accessory-berry-pip-stone50.8^c^43.4^c^22.6^c^34.4^c^32.6^c^16.5^c^9.89^a^6.1325.8^c^25.3^c^4.49Botanical provenance^d^33.6^c^55.9^c^33.6^c^41.5^c^38.5^c^39.9^c^39.830.4^b^41.7^c^25.4^b^21.5^a^The results are expressed as test value (H)^a^ *α* \< 0.05^b^ *α* \< 0.01^c^ *α* \< 0.001^d^Grossulariaceae--Caricaceae--Vitaceae--Ericaceae--Anacardiaceae--Rosaceae--Actinidiaceae--Musaceae--Bromeliaceae--Cucurbitaceae--Rutaceae--Lauraceae

Moreover, application of ANOVA Kruskal--Wallis test let us reveal statistically significant influence of the fruit's botanical provenance on the content of all the analysed macro- and microelements. The fruit's affinity to one of the following groups, i.e. Grossulariaceae, Actinidiaceae, Musaceae, Bromaeliaceae, Cucurbitaceae, Caricaceae, Anacardiaceae, Rosaceae, Rutaceae, Lauraceae, Vitaceae and Ericaceae, had an influence on P, Mg, Ca, K, Na, Zn, Cu and Mn (*α* \< 0.001) and Fe and Cr content (*α* \< 0.01) (Table [10](#Tab10){ref-type="table"}).

FA and CA {#Sec15}
---------

In order to visualise the data structure concerning fruit samples, a FA was carried out and the results depicted in Fig. [1a--c](#Fig1){ref-type="fig"}. Ca, Mg, Na, K, P, Zn, Cu, Fe and Mn constituted the ultimate data matrix. The three factors (F1, F2 and F3) issued from FA explain cumulatively up to 58.7 % of the total variance, so that 28.7 % is explained by F1, 17.2 % by F2 and 12.8 % by F3. The eigenvalues are 2.87 (F1), 1.72 (F2) and 1.28 (F3), respectively. Figure [1a, b](#Fig1){ref-type="fig"} shows the factorial scatterplots for the studied samples. In order to identify elements responsible for the grouping of the objects, biplot of loadings was drawn for F1--F2 (Fig. [1c](#Fig1){ref-type="fig"}).Fig. 1**a** Scatterplot of object scores of the two discriminant functions of fresh fruits samples classified according to their botanical family. **b** Scatterplot of object scores of the two discriminant functions of fresh fruits samples classified according to their fruits' type. **c** Scatterplot of loadings for 10 elements in fresh fruits samples

As can be observed on Fig. [1a](#Fig1){ref-type="fig"} several botanical families are well separated from each other. Higher values of F1 described by P, Zn and Cr (Fig. [1c](#Fig1){ref-type="fig"}), correspond to Ericaceae, Grossulariaceae, Lauraceae and Actinidiaceae families. Its lower values characterise Cucurbitaceae samples rich in Na. Groups of objects representing other fruits families are characterised by average values of F1.

The lowest values of F2 correspond to Ericaceae samples, which mean that blackberries and cranberries are distinguished by Mn and Fe. Higher values of this factor are attributed to object samples representing Lauracea, Musaceae, Vitaceae and Cucurbitaceae which are identified by Cu, Zn and Fe.

Figure [1b](#Fig1){ref-type="fig"} presents scatterplot of object scores for elements in fruits classified according to the fruit type, i.e. accessory, berry, pip and stone fruits. As can be seen in Fig. [1c](#Fig1){ref-type="fig"}, only the group of pip fruits corresponding to lower values of F1 and described by Na and Cu is well distinguished from the others. In conclusion, FA allows on clear discrimination between pip and other types of fruits and F1 can be associated with differentiating fruits samples in view of their type.

The CA data (hierarchical clustering, Ward's method) for fresh fruits as objects is shown in Fig. [2](#Fig2){ref-type="fig"}. CA aims at sorting different objects into groups in a way that the degree of association between two objects is maximal if they belong to the same group and minimal otherwise. The ultimate data matrix was composed of Ca, Mg, Na, K, P, Zn, Cu, Fe and Mn. As it can be seen on Fig. [2](#Fig2){ref-type="fig"}, there can be distinguished several clusters containing objects representing samples from the same botanical families. There are well-distinguished samples from Rosaceae, Rutaceae, Vitaceae, Musaceae, Caricaceae, Cucurbitaceae, Lauraceae, Actinidiaceae and Grossulariaceae families. The validity of the conclusions drawn from CA techniques is sometimes questioned since very different clusters can be formed from the same data depending on how the analysis is performed. However, in our case the results of CA in general confirm the outcome of FA. Therefore, it can be concluded that this technique is able, based on mineral composition, to distinguish samples not only of varied type but also in view of their botanical provenance.Fig. 2Hierarchical dendrogram for fresh fruits samples as objects **(** *GR* Grossulariaceae, *AC* Actinidiaceae, *MU* Musaceae, *BR* Bromeliaceae, *CU* Cucurbitaceae, *CA* Caricaceae, *AN* Anacardiaceae, *RO* Rosaceae, *RU* Rutaceae, *LA* Lauraceae, *VI* Vitaceae, *ER* Ericaceae)

Conclusions {#Sec16}
===========

As the literature is lacking thorough data concerning fresh fruits available on the market for consumers, we aimed to fulfil this gap. This study provides data on 12 elements concentration in fresh fruits available for consumers not only in Poland but also abroad as the products analysed were imported from other European countries, Africa, Asia and America. Fresh fruits proved to be products that are indispensable in our diet as they provide essential nutrients as Mg, K, Ca, P, Zn, Cu, Fe and Mn. In general, peeled fruits (apples, lemons and pears) contained lower levels of macro- and microelements in comparison to unpeeled ones, and the most significant differences were observed in the case of Ca, Mg, P and K. There is no health hazard to consumers in view of heavy metals such as Cu, Ni and Cr concentrations in the analysed samples. Based on RDA and AI estimated for essential elements, it was concluded that accessory fruits such as pineapples, raspberries and strawberries supply organism with the highest amounts of bioelements.

Based on the obtained results, it can be concluded that multivariate techniques are efficient tools that can be successfully applied to food quality and authenticity evaluation which are essential from the consumer's and producer's points of view. In this paper loadings such as Ca, Mg, Na, K, P, Zn, Cu, Fe, Cr and Mn were good descriptors for different kinds of fresh fruits. Their application was helpful for the deeper understanding of the distribution of selected metals in food.

Application of ANOVA Kruskal--Wallis test lets us reveal dependence between biological provenance of the fruits as well as their type and elemental composition. The employed chemometric techniques such as factor and cluster analyses have proved to be reliable tools in differentiation of fruits in view of their mineral composition.
